Abstract. Engineering properties of soils, collected from different sites designated for the erection of telecommunication towers, were obtained and analyzed. Probability distribution functions were fitted to this properties. Probability distribution function were fitted to this properties to predict the incidences of their occurance.. Correlation analysis also carried out to check for the relationships if any between the properties. A linear relationship was observed between plastic index and liquid limit, saturated unit weight and angle of internal friction, saturated unit weight and dry unit weight, degree of saturation and water content,saturated unit weight and cohesion, saturated unit weight and dry unit weight. The void ratio,bulk unit weight and dry unit weight were found to follow normal distribution; water content, liquid limit and plasticity index followed the gamma distribution; gravity specification, porosity, saturation, angle of internal friction and cohesion fitted weibull distribution and saturated unit weight fitted log-normal distribution. The study also found that porosity and void ratio have high probability of occurance at their threshold levels. This indicates an unfavorable condition for the soil at this sites
INTRODUCTION
The choice of foundation type and its geometry depends to a large extent on the engineering properties of the soil base. Engineering properties of soil are fundamental aspect that, used in the analysis of site condition and foundation of the structures of tower telecommunication. A geotechnical investigation must be conducted in order to obtain data about the site. Geotechnical investigation includes field and laboratory testing of both disturbed and undisturbed soil samples. Because of the volume of work and the accompanying cost involved in determining all the engineering properties required before taking decision on foundation design parameters, to minimize these, it may be necessary to analyze probabilistically the distribution of the engineering properties to help in speedy judgment of the soil condition at a particular site telecommunication before construction begin.
A distribution is selected based on how well it represents a sample data set from the population, the judgments of experts, the characteristics of the underlying population, or some combination of these factors (Frey and Rhodes, 1999) . Popescu et al. (1998) observed that the distribution of soil strength in shallow layers were prevalently positively skewed, while for deeper soils the corresponding distributions tended to follow more symmetric distributions. Corotis et al. (1975) carried out an investigation on whether a number of properties of three groups of soils could be described by normal or lognormal distribution. Yahaya et al. (2007) choosing North Penang in Malaysia as study cases, investigated the distribution of SPT N-Values on residual soils. The statistical distributions chosen were normal, lognormal, weibull, rayleigh, exponential and gamma. Weibull and gamma distributions were found to fit well at some depths. Bower et al. (2012) carried out probability distribution to get better reflect river flow for wet and dry season. The result found that lognormal distribution better than power law for wet season. While, dry season was better if use lognormal distribution and power law. Suchomel et al. (2011) have used probabilistic distribution to solve geotechnical problem , strip footing. Some soil parameters followed normal, whereas other followed lognormal distribution.
This paper attempts to determine the probability distribution of index properties (e, G s , S r , n, W c , γ t , γ sat , γ d ), plasticity properties (LL, PL, PI) and strength properties (c and Ø) at telecommunication network tower sites. The geotechnical investigation was carried out to determine the physico-mechanical properties of the soils.
MATERIALS AND METHODS

Soil sampling process
The data were obtained from 73 telecommunication sites at East Java province. East Java Province has a total area of 46,428.57 km². It is the largest area in Java Island with a population of more than 37,476,011 (2010 Census), making East Java provine the second most populous in Indonesia. East Java Province lies between longitudes 111° and 114°E and latitudes 7° and 8°S. There are three step of soil sampling processes at telecommunication sites. (1) site survey, (2) field investigation, (3) laboratory testing.
The purpose of site survey is to find closet candidates to nominal point at random sites. The survey must bring a few tools such as GPS compass,gauge and digital camera. GPS used to determine position of latitude and longitude; compass used to determine direction; gauge used to determine dimension of site; Digital camera used to take pictures around rented sites. Before go to the sites, it should be make sure that bring radio network planning nominal point created by software for the candidate sites. Next step is choose the shortest distance from the provided coordinate. It this process, must be consider the environment of site, like main road elevation, access road elevation, land to be rented elevation. It will involve the additional cost and drainage plan.
Next step is field investigation process by hand boring test. Boreholes shall be made to obtain information about the subsoil profile, its nature and strength and to collect soil samples for strata identification and for conduction laboratory tests. The soil test result is important to site design team and it will influence the progress of site construction. One point-boring were conducted to obtain disturbed and undisturbed soil samples. Undisturb soil sampling conducted at a depth of -1.00; -3.00 and -5.00 meters above the local ground by using the "Thin Walled Tube Sampler" diameter 65 mm and length 50 cm. Tests conducted on the collected disturbed samples includes index properties test, while on collected undisturbed samples, strength test was carried out. Lastly, Laboratory Testing were conducted to obtain accurancy the soil data. There are two (2) main job at laboratory testing, which is to determine "Physical Properties" and "Engineering Properties". The testing were conducted such as specific gravity test, natural moisture content, bulk density, dry density, saturation index, atterberg limit, sieve and hydrometer, direct shear, triaxial test and consolidation test.
Analysis Method
The methodology adopted in analyzing the results of the laboratory test of the soil properties, involved the use of bar-chart plots of the number of occurrences of given parameters within a given values. To determine the linear relationship between two parameters, correlation analysis was employed. Four types of distributions were used; normal, lognormal, weibull and gamma. The distribution models are shown in Tabel 1. The fitness of the distribution models were assessed using Goodness-of-Fit test, such as the Kolmogorov-Smirnov (K-S) and Chi-Square tests (Ang and Tang, 1975; Baecher and Christian, 2003; Fenton and Griffiths, 2008; Kim et al, 2012) . Some of the properties wete then predicted using the best-fit of the selected distributions. Finally, the distributions for selected parameters were the obtained.
In order to determine the best distribution, four performance indicators were used as given by Eqs. (1) to (5). The performance indicators comprised of (a) error measures NAE and RMSE and (b) accuracy measures IA, PA and R². The formulas were given below:
Where, and are predicted and observed values respectively; and are predicted and observes mean values respectively; and are standard deviations of predicted and observed values respectively, and N is the sample size. 
RESULTS AND DISCUSSIONS
The histogram of engineering properties were presented in figure 1, 2 and 3. The distribution of plasticity parameters shown in The correlation matrices between soil engineering properties are shown in tabel 2. Strong relationship between plasticity index and liquid limit, measuring 0.8223, was observed, whereas γ sat and recorded R From table 4, it was observed that W c , LL and PI followed gamma distribution, G s , n, S r , Ø and c followed Weibull distribution, while γ sat and PI followed log-normal distribution. From the best distribution test, it was observed that the probability of the LL exceeding the threshold (LL > 50) value, is 0.5435. The probability that PI values exceeds the threshold (PI > 45) is 0.8575, while the probability of S r exceeding the threshold (S r > 80) is 0.5792, of n exceeding the threshold (n > 45) is 0.8575, of e exceeding the threshold (e > 0.8) is 0.6424 and of γ d exceeding the threshold (γ d > 2.2) is 0.1668.
In terms of fundamental part in determining engineering behavior of the soil, Observation of the results for plasticity index, saturation, void ratio, porosity and dry density, showed that the distributions of data fits well to the distributions models considered. The values of coefficient of determination of the correlation between the engineering properties of the soils were found to be between 0.1681 and 0.9999. It should be noted that these observation depends on the soil type, as stated by Lacasse and Nadim (1996) .
CONCLUSION
The study has proposed a set of probablility distributions that can be used to predict soil conditions and their charactheristics. This study found that porosity (n) and void ratio (e) of the soils in the studied sites, has high probability of occurance at their threshold values (probability greater 0.5), while γ d and S r has a medium probability of occurance at their threshold values. This indicates that the soil conditions at the investigated sites are unfavorable in their natural state. 
